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\ ‘ If you measure

“Do it with Utmost Care”




Etymology

The Science of Precision Measurement

“METRO” & “LOGY” are Greek Words

Meaning

“Measurement” and “Science”

Respectively
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Etymology

Metrology Started in Ancient Egypt in

2750 BC
First Unit of Length Was Cubit
Cubit - Length of the Reigning

Pharaoh's Forearm
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Journey towards Precision

«Started in 1775 with Wilkinson machining
a $1800 mm bore to 1 mm accuracy

*Today conventional precision machining
IS being carried out to dimensional
accuracies of 1 um on 100 mm length
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Dimensional Accuracies since 1900
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What Is 1im

1nm=1/1000 pm
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What iIs 1 arc sec

10 meters

m

Human hair’/d) 50 um
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The Goal of Metrology

> Accept good products
> Reject bad products

> Better to reject few good ones
than to accept a few bad ones
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Classification of Metrology

> Dimensional Metrology
> Surface Metrology
> GCo-Ordinate Metrology
> Mass Metrology
> Force Metrology
and So on .....

Central Manufacturing Technology Institute | www.cmti-india.net 27/06/2019

10



Precision Measurements and
Metrology

BASIC TERMINOLOGIES
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Basic Terminologies

=7 RESOLUTION (of a displaying device)

Smallest value that can be indicated by the
displaying device.

or

Smallest difference between indications of a
displaying device that can be meaningfully
distinguished
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Basic Terminologies

=JACCURACY

Closeness of agreement between the result of
measurement and the true value of the measurand.

=/ PRECISION

Closeness of agreement between the results of
successive measurements of the same value of a
quantity carried out under identical conditions at

short intervals of time.

(Precision is also called Repeatability)
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Graphic Distinction Between

Accuracy and Precision

Precise but not Accurate

Accurate but not Precise

Precise and Accurate
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Basic Terminologies

=IREPRODUCIBILITY

Closeness of agreement between corrected
results of measurements of the same value of
a quantity when the measurements are made
under different conditions.

=IRELIABILITY

The ability of an item to perform a required
function under stated conditions for a stated
period of time.
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Basic Terminologies

=1 TRACEABILITY

The concept of establishing valid calibration of a
measuring standard or instrument by step-by-
step comparison with better standards upto an
accepted national or international standard.
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Measurement Standard

Material measure or physical property
which defines or reproduces the unit
of measurement of a base or derived

quantity.
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Types of Measurement Standard

> FUNDAMENTAL OR ABSOLUTE STANDARD

> INTERNATIONAL STANDARD

> NATIONAL OR PRIMARY STANDARD

> REFERENCE STANDARD

> SECONDARY STANDARD

> WORKING OR STANDARD

Central Manufacturing Technology Institute | www.cmti-india.net 27/06/2019 18



Hierarchv of Traceability

Primary Standard of Length (Metre) : \
Established by Interferometry e
3 J as the length of the
y N path travelled by light
Secondary Standard of Length in a vacuum in
Verified by Interferometry 1/299 792 458 second
\ J
Grade “00” Slip gauges Calibration Grade 3
erified by Interferometry
J
Grade “0” & “1” Slip gauges 3
erified by high magnification comparator
J
(Grade “2” Slip gauges 3
Verified by high magnification comparator
\ J
(Work piece 3
Verified by suitable gauging practice
cenfa L ~ e e b




Length Traceability at CMT]

51 Unit "Metre’

L] L] ¥
NPL - India Mahr (DAKKS) - DEKD (DAKKS) -
Germany Germany
¥
Grade K" Slip gauges
Grade 'K’ Slip gauges (giii]n?: ;::nﬁaBrg} Step Gauge
Reference Standard 7 Reference Standard
- Gauge Block Comparator
¥
l l. Step Gauge
Grade 'K’ Slip gauges Grade “0° Slip gauges Secondary Standard
Sec Standard Sec Standard
Step Gauge /
Grade 'K~ & °0° | Grade'l” &2 | Caliper Checker
Slip gauges " Slip gauges / Check Master
¥ ¥ ¥
Metrologv Equipment Machine Tools
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Factors effecting the Accuracy of

Measurements

Factors affecting the Standard

Factors affecting the Work-piece

Factors affecting the Measuring Instruments

Factors affecting the Person

Factors affecting the Environment
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Factors affecting the Accuracy of

Measurements

Environmental Effects:

> Room Temperature

» Part Temperature Stabilization
» Temperature Variation

» Humidity

> Vibration Level

> Dust Level
> Air Flow
» Lighting

Central Manufacturing Technology Institute | www.cmti-india.net 27/06/2019 29



“India’s one of the kind
metrology lab that is housed
6m below ground”
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Dimensional Metrology at CMTI

Gauge Block Interferometer
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Surface Metrology at CMTI

|y

Flatness interferometer Optical Profiler
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Trends of Accuracy/ Uncertainty In

A
»,Measuring Length“
100 -
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Increasing Miniaturization/
Micro metrology ,Measuring Uncertainty“
L L] [ ¥ L} )
100 nm 1 um 10 um 100 um 1 mm
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Metrology Artefacts

COORDINATE MEASURING MACHINE (CMM) AND MASTER SPHERE

central Ma/CHErENt Status: In the country.mostiofthese artefacts (>90 %) are being imported



Efforts of CMTI in development of
Indigenous Metrology Artefacts

High Precision Optical Standard Glass Scales

Linear Standard Glass Scales Angular Standard Glass Scale

In-house facility used:
1. Femtosecond laser micromachining system

— 2 cenfocal Micresecope————————————————————
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Transformative Forces Reshaping the
Future of Metrology

WY Simulation

Additive
Manufacturing

Industrial Internet

Cyber

Security Enterprise Integration
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The need for Smart Metrology

Correct Decisions —\

|
Reliable Information
<
Reliable Data
ﬁ
Smart -
metrology / é

<=/
Tmﬁ--uﬂﬂ“ S0 :VJ\ Zero-defect ]
products =
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Smart Metrology Challenges

« Measurement time

Product flow E Accessibility of features
* Motion and handling

« Temperature

Environment BILELY
* Vibrations, contamination

» Multiple features per product
 Variation between products

Diversity

Dat » Task-specific uncertainty,
ala ) . .

. * Numerical accuracy and Data integrity
handling « Data fusion from multiple sensors
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Factors to consider in adapting Smart
Metrology

INLINE S — NON-CONTACT:
METROLOGY j— ~ = OPTICAL AND LASER
NN I SYSTEMS
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Inline Metrology

Inline Metrology—Market Size and Forecasts

Speed, accuracy, and flexibility are key attributes that enable optical scanners to replace
traditional CMMs.

Global Inline Metrology Market Revenue by Key
Technologies: 2014 and 2020

300.0 ~
CAGR =11.0%

250.0 ~
w2014

2000 - w2020

CAGR =4.8%

150.0 A

Revenue ($ Million)

100.0 -

50.0 A

CMMs Optical Metrology

Central Manufacturing Technology Institute | www.cmti-india.net 27/06/2019 33



Mega Shifts

Dedicated Modular Laboratory Inline
Fixtures Fixtures Inspection Inspection
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»
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Increased Penetration of Optical Metrology
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Smart Metrology Lab

CMM Data

Wireless Measuring
Instruments Data

Cloud / Server

Auto Ballooning

Messurement - Friday, November 30, 2018 12:18:18 PM (15 Meavured vakues)

454
40 30976

54 Damete2040 40027

Inspection Reports

Quality Control
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Smart Metrology Lab

: Smart Data Smart Quality
SR Management Management

« Automatic * Integration across * Improved
generation of e Inline Traceability
Inspection Data « Manual - Statistical Process
sheet control data

« CMM Inspection

* Wireless « Real Time Data Eajeps
exghange of Visualisation » Ousiipmzet
inspection data Inspection reports

Central Manufacturing Technology Institute | www.cmti-india.net 27/06/2019 36



Smart Inspection

Smart Inspection Facility encompassing
— Smart Measuring Instruments
— Smart Quality Monitoring
— Smart Process Monitoring

!‘ .
o (-)
5.957 mm )

! EnhetW'

20.58mm
[ e ] ]

—  0.000mm

20.58
. . .

0.000:

......

Smart Inspection Lab
A smart inspection and data management application for digital metrology is setup.
The application would collect, store, present digital data from Smart Bluetooth enabled instruments and data
from other instruments/ equipments / gauges and CMM.
Cpata dralyties 'suchas'cp) Cpkiare also/'perormedaoprovide process capability informations/2019 37




—SMART Automated-inspection System Developed by CMTI

Auto-Correction Feedback

"I
qwdnu||,_||;|nu_|,___.

T GABSNG SYSTEN 18 PexgTOn

Multi Gauging System Multi Gauging System Multi Gauging System
for Sabot for Penetrator for Tail Piece

The system was developed for comparing
manufactured dimensions of the components with that
of the designed dimensions, record the deviations and
indicate whether the component can be accepted,
rejected or needs rework.

» Automatic gauging significantly cuts down the
inspection time
» Eliminates human measurement error
PENETRATOR TAIL PIECE > Measured data is stored and accessed from the
Hiahliahts: PC for statistical analysis.

»Online correction for the dimensional variation by

automatically feeding the result of inspection to
CNC system

cAutomated Measurement of Internal Thread Parameters, Form Errors and
Dimensions

+18 Parameters measured and documented in just over 3 minutes




Multi Sensor Implementations

Tactile

Scanning-
Sensor Camera

Tactile
Conture Sensor

Tactile
Roughness Sensor

Parallel Sensor Implementation Changeable Sensor
on a Co-ordinate Measuring Implementation on Surface
Machine Texture Measuring Device
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Automated Integrations

Faster metrology due to the automated integration of a CMM into material flow by
Robot loading.
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Process Correction Solutions

‘ !r
Final part radius

R'=R-(rrn

Measurement of X-offset / Tool Radius as well as automatic quick correction for it
from direct measurement of a production asphere.
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Smart Metrology Cell

Equipment Control Data Process Monitoring Data Measurement Data

(SRR JEIEEIIzEEIIEGL

Database
*In-process probing
¢ Off-line Inspection

*Wireless hand tools

Host Network

-

-
b
- -d

NG

<ml

Manufacturing Smart Measuring System Hand Inspection
Equipment Equipment

Implementation of Smart Metrology
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Digitization

Digitization of Industrial Measurement Throughout the
Supply Chain

Revenues from ERP software will surpass the hardware revenues over the next 5-8 years.

OEMs
=/

Permanent monitoring throughout
the product’s life cycle

Inspect the manufactured
components

f@]
E Share the quality inspection
-
v

data with the prospective

buyer

If the OEM is satisfied with the quality
inspection data, then the supplier can
components to OEM.

Integrate RFID/ Sensors along

ip the with shipment carriage to K_

monitor the components during .\'.
transportation \\\C_

=t

End Users

7 Permanent monitoring will help manufacturers design
4 Centralized global data for effective root cause analysis, corrective and preventive
Al o . - .
’ future references strategies, and help manufacturers achieve the utopian

vision of “Zero errors in Manufacturing'.

b Establish process and
quality inspection

Central throughout the supply chai
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